INTRODUCTION
In contrast, Colletotrichum species have received little attention in the context of classical biological control (Quimby and Birdsall 1995; Templeton 1992) , although the potential has been cited (Templeton et al. 1979 ). Colletotrichum-induced diseases can give significant control of some weeds in uncultivated habitats (Butler 1951 (Jensen and Doohan 1994) . In an experiment investigating the spread of the pathogen among equidistantly transplanted St. Johnswort plants, the pattern of disease development following an unexpected influx of Chrysolina adults was random and was not related to proximity to the central inoculated plant. In another experiment assessing the pathogen as a mycoherbicide in a pasture with a resident Chrysolina population, there was little difference in disease levels after 3 mo between treated and control plots. Despite some early-season treatment differences, control of St. Johnswort exceeded 90% after one season on both treated and spatially separated control plots in both experiments. These patterns of disease development could not be accounted for by wind-driven rain splash.
We initiated this study in 1993 to examine the influence of Colletotrichum gloeosporioides and Chrysolina hyperici on St. Johnswort in Nova Scotia. We (1) conducted a demographic study to determine factors affecting St. Johnswort mortality in undisturbed habitats, (2) examined C. hyperici as a vector of C. gloeosporioides under field and controlled environment conditions, and (3) examined the potential of using C. hyperici contaminated with C. gloeosporioides as a biocontrol agent.
METHODS AND MATERIALS
Plant Demography. A demographic study was established in June 1993 at four undisturbed sites near Windsor, NS (450 N; 64010' E) to examine factors affecting St. Johnswort mortality. One hundred plants at various stages of growth and showing no obvious anthracnose symptoms were randomly selected and tagged in each of two abandoned pastures (A and B) and along a graveled railroad embankment and a riverbank. These habitats were typical of those where St. Johnswort occurs locally; the weed comprised < 2% of the ground cover. Disease assessments of topgrowth with lesions or chlorotic or necrotic tissue were made on each tagged plant at 2-wk intervals from mid-June to mid-August and once in midSeptember and -October on a ranking scale of 0 (no apparent disease), 1 (1 to 10%), 2 (11 to 25%), 3 (26 to 49%), 4 (50 to 89%), and 5 (90 to 100%). The occurrence of C. gloeosporioides was confirmed periodically by incubating surface-sterilized subsamples of diseased stem sections on moist filter paper or on potato dextrose agar (PDA). Total leaf area of each plant lost to herbivory was also ranked on a scale of 0 (no defoliation), 1 (1 to 5%), 2 (6 to 10%), 3 (11 to 25%), 4 (29 to 49%), 5 (50 to 89%), and 6 (90 to 100%). The midpoints of these categories were used for statistical analysis. Because only specialized feeders can consume the toxic foliage of St. Johnswort (Fields et al. 1990 The following variables were analyzed by a series of Kruskal-Wallis tests to determine site differences: mean levels of disease and of insect herbivory over the season, mean patch size, and distance of each tagged plant to its nearest neighbor. Means were compared using a multiple comparison procedure (Dunn 1964 ) when treatment effects were significant (P < 0.05). Chi-square analysis was also performed to determine site differences for presence or absence of C. hyperici larvae and adults, spittlebugs, aphids, and unidentified leafrollers.
Data were also analyzed separately for each year using a logistic regression model for each of the following binomial responses: (1) healthy vs. diseased plants; (2) of plants that were diseased, those with < 50% disease vs. those with > 50%; and (3) of plants with > 50% disease, those that developed symptoms before mid-July vs. after mid-August. The analyses combined data from the four sites. The independent variables were patch size and presence or absence of Chrysolina larvae or adults, aphids, and spittlebugs. A second analysis, which excluded the riverbank site, was performed for the plants that survived until May 1994 vs. those that did not. The independent variables were disease incidence, i.e., (1) no disease, (2) < 50% disease and (3) > 50% disease developing before mid-July, or (4) disease developing after early August; patch size; and presence or absence of C. hyperici larvae or adults, spittlebugs, or aphids. In both sets of analyses, independent variables were entered into the model in a forward stepwise fashion, and only variables that were significant at P < 0.15 were included in the final model. The presence of C.g.-hypericum on Chrysolina was also confirmed by examining external body parts for conidia using scanning electron microscopy. Third and fourth instar larvae and adults were collected from laboratory-infected plants and from diseased field plants and were then fixed overnight in 4% glutaraldehyde in 0.07 M sodium phosphate buffer at pH 6.8. Specimens were dehydrated in a series of 10 to 100% acetone washes and dried in a CO2 critical point drier. Specimens were coated with 15 nm gold/palladium using a Hummer VII sputtering system and viewed with a JEOL JSM-T330A scanning electron microscope. C. hyperici adults were field-collected in late July 1994 and contaminated with C.g.-hypericum by the two methods described above. Two beetles were placed near the base of each of the 25 plants/frame and the frames were covered with a screen cage. Controls were similar, except that beetles were kept in cages with healthy plants prior to treatment. Beetles were transferred directly to the seedlings or to sterile PDA and then to the test seedlings. Plants were occasionally moistened by applying mist during the 2-d exposure period. Beetles were removed and plants placed in a mist chamber for 24 h before being returned to the greenhouse. Each treatment and control was replicated twice and the experiment was repeated in 1994.
Due to paucity of beetles, only the PDA contamination treatment was assessed in July 1995 but with the following modifications: plants used were in the early bloom stage, three beetles per plant were used, and plants were not misted despite dry weather during exposure to the beetles. Data from the two years were combined and the numbers of dead, diseased, and healthy plants after 6 wk were ranked as 2, 1, and 0, respectively. These rankings were analyzed by restricted maximum likelihood (Thompson and Welham 1993) .
RESULTS AND DISCUSSION
Plant Demography. Variation among sites. There were significant differences among the four sites in the folVolume 12, Issue 3 (July-September) 1998 lowing parameters: patch size, distance between plants, seed production, and seasonal mean percentage of herbivory and disease level ( Table 1) Temporal variation in disease incidence. Initial disease symptoms appeared in early May as lesions on the tip and base of procumbent basal stems that became sunken and dark brown with purple centers. These lesions often girdled the stems. Infected basal stems became wilted and died, and the upright flowering stem became chlorotic and eventually turned a dark, reddish brown. These woody flowering stems often remained standing and produced flowers and seeds despite loss of the basal rosette. Lesions at the top of the plant were less common but could be found on branches, foliage, and the inflorescence. Lesions that girdled the stems of seedlings were fatal. Symptoms developed rapidly over the summer (Figure 2) . By October 1993 and 1994, 96 and 82% of all tagged plants in the study had become infected. Similarly, 94 and 73% of the tagged seedlings also became infected in 1993 and 1994, respectively (data not shown). Disease developed faster at the riverbank site in both years, but in 1994, disease development at one of the pasture sites was similar. (Table 3) .
A categorical model using logistic regression on the combined data from the four sites indicated that disease incidence increased with patch size (Table 4) . Plants in larger patches were infected sooner in 1993 but later in 1994. There were no clear and consistent relationships between resident insects, including Chrysolina, and plant health, and the majority of comparisons were not significant at P < 0.15. In 1993, Chrysolina larvae were associated with healthier plants, and in 1994, adults were more common on plants developing symptoms late in the season. In 1994, spittlebugs and aphids were also more common on plants with lower disease ratings and plants that developed > 50% disease late in the season. Although this might suggest that insects tended to choose healthier plants, this was not evident in 1993 when there was a positive relationship between numbers of spittlebugs and disease incidence (Table 4) (Table 5 ). In this experiment, 17% of the plants also became infected after contact with beetles that had been kept on healthy plants, suggesting that the field-collected adults were naturally contaminated. Control plants not exposed to beetles remained healthy.
Experiment 2. Some Chrysolina larvae and adults collected from all six locations transmitted Ctg.
-hypericum when they were transferred to healthy St. Johnswort seedlings under conditions favorable for infection (Table  6 ). Each site had at least one developmental stage of the insect that transmitted the disease to healthy plants. After exposure to Chrysolina adults collected from one blueberry field, 36% of the seedlings became infected. Among the controls, about 85% of the larvae and 100% of the adults transmitted the disease to the seedlings.
Scanning electron micrographs of various Chrysolina stages collected from either field-or laboratory-infected plants showed that conidia were most commonly found on body parts with setae, e.g., leg joints, tarsi, and antennae (Figure 3) . Sampson (1985) . Larger numbers of Chrysolina were observed on some untagged plants at the sites, and we have occasionally observed numbers of adults with densities of > 100/plant, but overall, this is the exception. However, Chrysolina densities may have been higher than those recorded, especially larval densities, because this insect has adopted behavior and partially nocturnal feeding habits that minimize direct exposure to sunlight and photosensitization (Fields et al. 1990 ). Nevertheless, the maximum mean level of defoliation recorded at any site or life stage was about 50% (Figure 1) , and high levels of defoliation occurred only on diseased plants which grew poorly. Reduced feeding activity of late fourth instar larvae and their subsequent pupation resulted, in part, in the decrease in mean St. Johnswort defoliation in June (Figure 1) . Healthy plants were observed to recover during pupation and after estivation in late summer. There was no evidence of mass emergence or fall feeding of Chrysolina adults, and the fate of these remains unknown.
In Australia, 3 mo of complete defoliation in combination with drought was required to control mature St. Johnswort (Clark 1953 ). Holloway (1964) reported that 3 yr of heavy feeding controlled the weed in California. In Nova Scotia, St. Johnswort grows actively for 6 to 7 mo in contrast to 2 to 2.5 mo of active Chrysolina feeding. There was also no relationship between the presence or absence of Chrysolina and the subsequent survival of the weed (Table 4) . Hence, we conclude that Chrysolina herbivory alone has little effect on St. Johnswort in Nova Scotia.
In contrast, shoot mortality was closely associated with the level of Colletotrichum infection (Table 3) Releasing Chrysolina adults contaminated with conidia under favorable conditions was an effective method of introducing the disease (Table 7) . Inducing acervuli formation on PDA under continuous light is a simple method of producing inoculum for insect contamination. Alternatively, it may be possible to simply homogenize the cultures in water and apply the inoculum directly to St. Johnswort hosting Chrysolina in the field.
In Nova Scotia, C.g.-hypericum appears to persist in uncultivated habitats as a saprophyte on diseased plant residues, in infected seeds, or as a pathogen on successive cohorts of infected St. Johnswort. We have noted that after 5 yr, St. Johnswort has not reestablished on former mycoherbicide plots. Like other Colletotrichum Volume 12, Issue 3 (July-September) 1998 
